We present a catalog of 520 most isolated nearby galaxies with radial velocities V LG < 3500 km/s, covering the entire sky. This population of "space orphans" makes up 4.8% among 10 900 galaxies with measured radial velocities. We describe the isolation criterion used to select our sample, called the "Local Orphan Galaxies"(LOG), and discuss their basic optical and HI properties. A half of the LOG catalog is occupied by the Sdm, Im and Ir morphological type galaxies without a bulge. The median ratio M gas /M star in the LOG galaxies exceeds 1. The distribution of the catalog galaxies on the sky looks uniform with some signatures of a weak clustering on the scale of about 0.5 Mpc. The LOG galaxies are located in the regions where the mean local density of matter is approximately 50 times lower than the mean global density. We indicate a number of LOG galaxies with distorted structures, which may be the consequence of interaction of isolated galaxies with massive dark objects.
INTRODUCTION
The population of isolated galaxies is of great interest for testing different scenarios of the origin and evolution of galaxies. Residing in the regions of very low matter density, isolated galaxies were not subjected to a significant influence from their close neighbourhood. It is assumed that over the past several billion years the evolution of these objects was driven by purely internal reasons within the "closed box" scenario. In this sense, dynamically isolated galaxies are the reference sample to study the effects of the environment on such galaxy properties as morphology, chemical abundance and the star formation rate (SFR). A recent international conference "Galaxies in Isolation: Exploring Nature Versus Nurture" held in Granada, Spain in May 2009 illustrates of a significant interest to isolated galaxies.
According to the current data [1] [2] [3] , slightly more than a half of galaxies (54%) are concentrated in the virialized groups and clusters. Another 20% of galaxies are located in the collapsing regions around the groups and clusters. Over time, the population of these regions undergoes virialization as well. The remaining quarter of galaxies are referred to as the "general field galaxies", which are distributed mainly along the diffuse filaments imbordering the cosmic voids. The standard ΛCDM model of the accelerated expansion of the universe predicts that the field population will have an increasingly weakening mutual gravitational influence, and shall hence never gather in any virialized systems.
Among the fairly common category of field galaxies one can select a sample of the most isolated galaxies based on the mutual separations to their closest neighbors. A simple and effective criterion of isolation was proposed by Karachentseva [4] . A galaxy with an angular diameter of a 1 was considered isolated if all its significant neighbors with the angular diameters of a i in the range of 4 ≥ a i /a 1 ≥ 1/4
(1)
were located at the angular distances
At the time, in the absence of systematic data on the radial velocities and distances of galaxies, Karachentseva's criterion allowed to select in the northern sky a sample of 1 050 isolated galaxies among about 27 000 galaxies with apparent magnitudes of m B < 15.7 m , which amounted to about 4% of the total. Subsequent measurements of radial velocities of the KIG galaxies [4] , as well as their neighbors confirmed a good spatial isolation of these objects. Later, Karachentseva et al. [5] applied a similar criterion to search for the isolated galaxies among the extended sources of the 2MASS infrared sky survey [6] . A new 2MIG catalog covers all the northern and southern sky and contains 3 227 isolated galaxies with apparent magnitudes K s < 12.0 m , and angular diameters a K > 30 ′′ . The characteristic depth of the 2MIG catalog is around 6 500 km/s, and this sample contains about 6% of the galaxies with the corresponding apparent magnitudes and diameters.
For the nearby volume of space Karachentsev et al. [7] have compiled a catalog of 450 galaxies located in the sphere of a 10 Mpc radius (CNG). Most galaxies in the CNG catalog have individual distance estimates. In this most studied volume each galaxy "i" can be characterized by the tidal
where M k is the total mass of the neighboring galaxies, separated from the considered galaxy at the spatial distances of D ik . The value of the constant C was chosen so that the condition T I = 0 would correspond to the case where the Keplerian period of galaxy motion relative to its main perturbing neighbor is equal to the age of the universe T = 13.7 Gyr. With this definition in mind, the galaxies with the positive tidal index appear to be group members, and the condition T I < 0 separates the population of "field galaxies". A total of 197 galaxies, or 44% made it into the latter category. If we select the most isolated objects with T I < −2.0, then their relative number, i.e. about 5%, turns out to be about the same as in the KIG and 2MIG catalogs. This category of very isolated nearby galaxies settles in the regions where the local matter density (conditioned by their neighbors) is two orders lower than the mean density in the CNG catalog.
Therefore, currently there are only two samples, covering the entire sky and separating about 5% of the most isolated galaxies: a small CNG sample (with T I < −2.0) on the scale of 10 Mpc, and a large 2MIG sample on the scale of around 90 Mpc. The latter catalog, due to the constraint on the galaxy apparent magnitude is missing a lot of dwarf systems located at large distances. There is hence a need for a new representative sample of isolated galaxies, which is limited rather by the distance of galaxies than by the apparent magnitude. We have compiled a sample of an intermediate volume, filling the gap between the CNG and 2MIG catalogs, and present it in this paper.
INITIAL DATA AND THE ISOLATION CRITERION
To search for isolated galaxies we used the data on radial velocities, apparent magnitudes and morphological types from the updated HyperLEDA [8] (http://leda.univ-lyon1.fr) and NED (http://nedwww.ipac.caltech.edu) databases, complemented by the measurements of radial velocities from the latest optical and HI sky surveys: SDSS, 6dF, HIPASS, and ALFALFA. The galaxies that were checked for isolation had their radial velocities relative to the centroid of the Local Group V LG < 3 500 km/s at the galactic latitudes | b |> 15 • regardless of their luminosity and morphology. Outside of this volume we as well took into account galaxies with V LG < 4 000 km/s and | b |> 10 • in order to avoid the effect of false isolation at the boundary of the sample. Each galaxy was visually examined in the DSS and SDSS images to exclude the cases of confusion in the coordinates, error identifications, and questionable radial velocities, which often arise in the implementation of automated sky surveys. In addition, we performed a morphological classification of galaxies and estimated their apparent magnitudes if they were absent in the NED and HyperLEDA Figure 1 . The relative number of galaxies as a function of the isolation index II among 10 900 galaxies with VLG < 3500 km/s (the dashed line). The solid line describes a similar dependence for the LOG catalog.
databases. We used apparent magnitudes of galaxies in the K s photometric band from the 2MASS survey [6] as a basis. Apparent magnitudes in other bands (B, V, R, I, J, H) were transformed into the K-band taking into account the average color indices for each morphological type [9, 10] .
A total of 10 900 galaxies were checked in the above volume for galaxy system membership.
Each galaxy was attributed the total mass M , proportional to its K-luminosity
where κ is a dimensionless value. A remarkable property of the K-luminosity is its low sensitivity to the internal absorption in a galaxy, as well as to the presence of a young blue stellar population.
At κ = 1 the K-band luminosity corresponds to the stellar mass of a galaxy. To estimate the total mass of a galaxy we have adopted the value κ = 6, at which the structure and the known virial mass of the nearby groups is best reproduced.
Pairwise combining the galaxies into systems, we assumed that each virtual pair "ik" has to satisfy the condition of negative total energy
and the condition of its components location within the "sphere of zero-velocity" that separates the given pair against the global Hubble expansion
Here V ik and R ik denote the radial velocity differences and the projected separations of the virtual pair components, M ik is their total mass, expressed in terms of the K-luminosity at κ = 6, while
G and H 0 are the gravitational constant and the Hubble parameter, respectively. The clustering algorithm involves a sequential review of all the galaxies of the original sample and the subsequent union of bound pairs with common members into groups/clusters of galaxies.
Having applied this algorithm that takes into account individual characteristics of galaxies, about 54% of all the galaxies were combined into systems of different populations. Among the remaining population of field galaxies we then selected especially isolated ones, satisfying a higher value of the κ parameter. To this end, we used the condition
where the dimensionless value (II) has a sense of the "isolation index." At (II) = 40 the total of about 10% of galaxies retain their isolation. This sample of 990 galaxies formed the basis of our catalog.
The isolation criterion (5-7) is actually based on the condition of dynamical isolation of a galaxy in the 3D-space, rather than in the sky. Therefore it has a clearer physical meaning than the 2D Karachentseva's criterion (1-2). However, not all the galaxies in the volume have their radial velocities measured. To exclude the cases where the galaxy, isolated according to (5-7) may reveal a nearby neighbor in the sky with a velocity close to the velocity of the considered galaxy itself, we additionally used Karachentseva's constraint (1-2) to the already selected 990 galaxies. A consecutive use of two criteria (5-7) and (1-2) reduced our sample from 990 to 520 galaxies.
Clearly, not all the galaxies, excluded by the additional criterion (1-2) would appear to be not isolated when their "significant" neighbors in the projection would eventually have their radial velocities measured. Moreover, the results of our pilot program measuring the radial velocities of galaxies in the vicinity of the isolated galaxy candidates have shown [11] that about 80% of them retain their isolation (most of the "significant" neighbors turn out to be the distant background galaxies with a typical velocity difference of ∆V ik > 10 000 km/s). Despite this, we prefer to use the more rigorously selected sample, satisfying both the (5-7) and (1-2) criteria for the further analysis.
In Fig.1 , the upper (dashed) curve shows how the relative number of galaxies that satisfy the (5-6) criterion decreases with an increasing value of the isolation index II. For example, going from II = 40 to II = 400 the percentage of isolated galaxies drops by an order. The solid (lower) line corresponds to the case when an additional constraint is applied to the sample using the condition (1-2). At II = 40 the sample of isolated galaxies numbers 520, i.e., approximately the same relative number (about 5%) as in the KIG and 2MIG catalogs. We have designated the sample of these 520 galaxies as the "Local Orphan Galaxies" (LOG) and shall adhere to this acronym further down.
An example of a situation where new redshift measurements can break the isolation of the galaxy, selected by the (5-7) criterion, is LOG 227. Near the galaxy KUG 0956+420 with velocity V h = 1 682 km/s there was discovered a neighboring galaxy KUG 0956+419, the radial velocity of which V h = 1 737 km/s was measured with a great error (±340 km/s). Both blue dwarf galaxies may be forming a physical pair with a projection distance of 40 kpc.
THE LOG CATALOG
A list of 520 "orphan"galaxies in the Local Supercluster and its surroundings is presented in Table 1 . Its columns contain the following data: (1) is the running number in the catalog, (2) according to the HyperLEDA; in some cases (marked by a colon), the upper limit of the HI-flux was estimated according to the HIPASS survey data or other available sources, (9) in this column "+" marks the galaxies satisfying Karachentseva's criterion [4] with a significant margin, (10) the comment column contains a brief reference to the following data: "IR" indicates the presence in a galaxy of an infrared flux in the IRAS survey, "F" marks the belonging of a galaxy to the flat systems from the RFGC and 2MFGC catalogs, "pec" marks the presence of a peculiar structure, "Mrk" indicates the belonging of a galaxy to the list of Markarian active objects, and "KIG" to the isolated galaxies from the KIG catalog. Figure 2 presents a distribution of isolated galaxies in the radial velocity intervals of 250 km/s.
BASIC CHARACTERISTICS OF LOG GALAXIES
The unshaded histogram shows the total number of galaxies satisfying the II > 40 criterion, and the shaded part corresponds to the LOG catalog galaxies, for which the additional isolation condition (1-2) is applied. The diamonds mark the percentage of LOG galaxies to the total number of galaxies in each velocity interval (the right-hand scale). As we can see, the relative number of isolated galaxies is practically independent of the distance, undergoing the statistical fluctuations around the mean value of 4.8%. An approximate constancy of the LOG galaxy percentage indicates that the isolation criterion we used works equally effectively both in the nearby and distant volumes. This circumstance is not trivial. For example, in a sample of isolated galaxies from the SDSS survey [13] their relative number varies with distance more than tenfold.
The overall distribution of 520 LOG galaxies in the sky in equatorial coordinates is demonstrated in Figure 3 . The galaxies from the closer volume with V LG < 2000 km/s are marked by the circles of a larger diameter. The region of a significant galactic absorption along the Milky Way is shown by the ragged gray stripe. The distribution of isolated galaxies outside the region | b |< 15 • looks pretty uniform. Some deficiency of isolated objects is noticeable in the direction of the known nearby clusters Virgo, Fornax and similar groups around M81 and CenA.
An important characteristic of each galaxy sample is its morphological composition, which retains the features of the evolution of galaxies. Figure 4 shows the distribution of 520 LOG galaxies, as well as all the 990 isolated galaxies with II > 40 according to the morphological type. As follows from this histogram, the use of an additional isolation condition (1-2) does not introduce any special selectivity according to the morphological type. The latest types of galaxies T = 8-10, i.e. Sdm, Im, Ir are the most common members of the LOG sample. They account for 51% of all galaxies. 33 isolated galaxies, common to the KIG and LOG catalogs, the peak of the distributions by the morphological type falls on T = 6 (Scd), i.e. on the spirals without apparent bulges.
It must be emphasized that it is usually difficult to find the evolutionary reasons for the differences of two samples by morphological composition, since these differences are masked by the selection effects of the sample itself. For example, two catalog samples of isolated galaxies, KIG and 2MIG,
show an apparent difference in the relative number of galaxies with bulges. However, this is an expected difference, and it is due to the fact that the galaxies in the 2MIG catalog were selected by luminosity in the near infrared, where the galaxy bulges are more prominent than in the optical B-band.
As follows from the last column of Table 1 , about 30% of the LOG galaxies are the infrared IRASsources. Their distribution by morphological type varies considerably from the total distribution (see Fig. 4 in [14] ). The maximum of the distribution of isolated IRAS galaxies falls on the T = 4−6
types. Such a difference with the total sample has a highly selective character, since the IRAS fluxes are closely correlated with the mass of the dust component of galaxies, which is most pronounced namely in the Sc galaxies.
Current models of galaxy formation imply that the E and S0 galaxies are formed by multiple mergers of disk-shaped and irregular galaxies. Clusters usually involve a permanent mechanism of transformation of spiral galaxies into lenticular by sweeping out the gas, hence preventing further star formation. Thus, it is expected that the E and S0 galaxies should occur mainly in the regions of high matter density. Indeed, the KIG and 2MIG catalogs contain only 16% and 18% of the E + S0 galaxies, respectively, which is lower than their average cosmic abundance (about 24%).
There are only 17 galaxies in the LOG catalog that we classified as E and S0 (T<1). A list of these galaxies, making up less than 4% of our sample is presented in Table 2 . Hereinafter the distances to the galaxies were determined from their radial velocity V LG at the Hubble constant
It is noteworthy that the isolated E and S0 galaxies in the LOG differ significantly from the other E and S0 galaxies by a number of features. The isolated early-type galaxies have a rather low luminosity, their median absolute magnitude is M K = −21.7 or M B = −17.7. More than a
half of E and S0 galaxies in the LOG are the IRAS sources, which indicates the presence of a considerable amount of dust. Some of them (NGC 404, UGC 1198, UGC 5467) reveal the HI line fluxes, corresponding to the masses of neutral hydrogen of the order of 10 8 −10 9 M ⊙ . We can assume that during their evolution the isolated E and S0 galaxies undergo a significant impact (inflow) of the intergalactic medium, where about 80% of the universe's baryons are concentrated [15] . Figure 5 demonstrates the distribution of all types of isolated galaxies by absolute K magnitudes.
The galaxies that are included in the LOG catalog (in gray) have approximately the same luminosity function as all the 990 galaxies satisfying the condition II > 40. In other words, an additional rejection of isolated galaxies using Karachentseva's criterion does not introduce any significant selection by luminosity. for helium and molecular hydrogen (the factor of 1.85 according to [15] ), the characteristic ratio of the mass of gas and stars in the considered galaxies is equal to 1.3. Hence, a typical isolated LOG galaxy has transformed into stars less than a half of its gas reserves. And in some isolated galaxies (UGC 3672) more than 90% of baryons still reside in the form of the gas component.
It is well known that the mass ratio of gas to stars shows a tendency of increase from normal to dwarf galaxies. This could mean that the phase of active star formation in dwarf galaxies comes later than normal, or that the star formation in dwarf systems advances in a more slow rate. Figure 7 reproduces the relationship between the logarithm of hydrogen mass and the absolute K magnitude of isolated galaxies. The objects with an estimate of the upper limit of HI flux are marked by triangles. The straight line in the figure fixes the value of M HI = M * . The galaxies with higher luminosity (M K < −19.5 m ) show a significant hydrogen mass deficiency with respect to this line.
PECULIAR ISOLATED GALAXIES
The standard cosmological ΛCDM model predicts the existence of a large number of massive invisible bodies (dark sub-haloes), in which the star formation process has not yet been triggered [16] . It is assumed that such dark clumps with masses on the order of (10 6 − 10 9 )M ⊙ can be ten times more numerous than normal galaxies. The search for such objects in the HIPASS and ALFALFA surveys via the HI line emission were so far unsuccessful [17, 18] .
The presence of a numerous population of dark massive objects among the galaxies should
give a large number of tight interactions "galaxy-dark body." The expected result of their close approach could be a distortion of the structure of a normal (bright) galaxy, or a "visualization" of a dark component via an inflow of matter from the ordinary galaxy. It is obvious that the cases of "unmotivated" interaction with an invisible object are to be searched just among the isolated galaxies. Karachentsev et al. [19, 20] have found 8 examples of isolated galaxies from the KIG sample with pronounced structural distortions. Peculiar shapes that some of them have may be due to an asymmetric starburst or a recent merger of two galaxies. However, two galaxies: UGC 4722
and ESO 545-05 proved to match quite adequately the assumption about their interaction with a massive invisible object. The interaction effects are most pronounced in the cases where the objects of approximately the same mass approach each other. Since it is expected that the number of dark bodies increases with the decreasing mass, the search for traces of interaction with such bodies looks more promising among the most low-mass isolated galaxies.
A typical galaxy in the LOG catalog has on the average an order of magnitude lower luminosity (mass) than a typical representative of the KIG catalog. The last column of Table 1 lists 21 galaxies with a peculiar morphology. All of them are enumerated in Table 3 . The reproductions of four interacting isolated galaxies from the SDSS and DSS surveys are demonstrated in Fig. 8 .
The existence of a very asymmetric shape (NGC 2504), a distorted spiral structure (NGC 4176), a perturbed disk with loops (NGC 7800), a broad tidal tail (UGC 4722) is rather difficult to explain without invoking the idea of interaction with an invisible massive body. However, it should be emphasized that the reported cases of peculiar structures make up only 4% of the total number of galaxies in the LOG catalog. This fact can become a strong restriction on the size of the population of dark objects with masses of about 10 8 − 10 9 M ⊙ .
DISCUSSION AND CONCLUSIONS
The above data show that the list of most isolated galaxies is dominated by the objects of late morphological types and low luminosity, most of which possess significant reserves of gas for the further star formation. These properties seem to be quite anticipated in the framework of the standard cosmological model. As Makarov and Karachentsev have noted [21] , about 46% of galaxies are located outside the virial regions of groups and clusters, however only 18% of the total stellar mass (i.e. the luminosity of galaxies in the K-band) is located outside the groups and clusters.
All the 22 LOG catalog galaxies, located in the Local Volume of the 10 Mpc radius have a negative value of the tidal index (3). One of the closest and most isolated LOG galaxies in the Local Volume is a well-known irregular galaxy KK 246, located on the outskirts of the Local cosmic
Void. The median value of the tidal index for these 22 galaxies, T I = −1.7, shows that the typical local density around the LOG galaxies is approximately 50 times lower than the average density in the Local Volume. This fact emphasizes the physical basis for the isolation criteria used in our catalog.
The number of galaxies in the LOG, common with the KIG catalog amounts to mere 33. A small fraction of the overlap between the LOG and KIG catalogs is due primarily to the difference in spatial volumes of these samples, which overlap by about 1/8. A detailed comparison of galaxy properties in both catalogs deserves special consideration.
What stands out is a relatively high number of "flat" spiral galaxies, seen edge-on (N F = 71
in the last column of Table 1 ). Taken a random orientation of axes in thin spiral galaxies, their expected number in the LOG catalog should be about 18-32. The observed excess of the N F number indicates that the thin disks with an axis ratio a/b > 7 can persist mainly in the sites of low matter density, where the tidal perturbations of neighbors do not cause the "warming-up" and thickening of the disc along the axis of rotation.
Quite a large number of galaxies in the LOG are the IRAS sources (N IRAS = 142). Their distribution by morphological types is characterized by a broad maximum at the Sbc-Scd types (T = 4 − 6), what indicates the presence of a developed dust component in the disks of isolated galaxies. The total number of "active" galaxies (Mrk) in the LOG catalog is relatively small (18), most of them being intergalactic HII regions [22] , rather than objects with active (Seyfert) cores. Figure 9 demonstrates the distribution of 520 LOG galaxies in Cartesian Galactic coordinates in the projection on the plane of the Milky Way. The choice of such a projection reduces the effect of absorption of light in our Galaxy. In the first approximation, the distribution of isolated galaxies looks quite homogeneous, with some decrease in the number density of galaxies from the center to the periphery of the volume due to the loss of a part of dwarf galaxies at large distances from the observer. The galaxies with bulges (T < 4), marked by filled circles, do not reveal any increased crowding in groups compared with the later types (empty circles). The fact that the isolated galaxies avoid the volumes occupied by nearby clusters and groups, as well as nearby cosmic voids (the Local Void in the Aquila-Hercules, in the Eridanus and in the Leo) has some influence on their spatial distribution [23] .
At the same time, one can recognize a slightly pronounced mutual association of the LOG galaxies with radial velocity differences of less than 50 km/s on a scale of around 0.5 Mpc. Examples of such associations are LOG 254+255, LOG 360+362, LOG 3+20+30. The presence of such non-virialized structures may indicate the existence in the regions of low density of some low-contrast filamentary structures (similar to the nearby chain in Sculptor [24] ) or an association of dwarf galaxies, noted recently in [25] and [3] . The features of galaxy distribution in the regions of extremely low matter density contain important information on the formation and evolution of the large-scale structure of the universe. However, this sector of observational cosmology is still almost unexplored.
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